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Description 

APPARATUS FOR ACTIVE COOLING OF 
AN MRI PATIENT BORE IN CYLINDRICAL 

MRI SYSTEMS 

Background of Invention 

[0001] The present invention relates generally to magnetic reso- 
nance imaging (MRI) systems, and more particularly to an 
assembly designed to dissipate the heat generated by the 
gradient coils and RF coils that are used in MRI. 

[0002] when a substance such as human tissue is subjected to a 
uniform magnetic field (polarizing field B q ), the individual 
magnetic moments of the spins in the tissue attempt to 
align with the polarizing field, but precess about it in ran- 
dom order at their characteristic Larmor frequency. If the 
substance, or tissue, is subjected to a magnetic field 
(excitation field which is in the x-y plane and which is 
near the Larmor frequency, the net aligned moment, or 
"longitudinal magnetization", M^ may be rotated, or 
"tipped", into the x-y plane to produce a net transverse 



magnetic movement IVL A signal is emitted by the excited 
spins after the excitation signal B i is terminated and this 
signal may be received and processed to form an image. 
[0003] During patient scans, the gradient coils that produce the 
aforementioned magnet field dissipate large amounts of 
heat, typically in the order of tens of kilowatts. The ma- 
jority of this heat is generated by resistive heating of the 
copper electrical conductors that form x, y, and z axis gra- 
dient coils when these coils are energized. The amount of 
heat generated is in direct proportion to the electrical 
power supplied to the gradient coils. The large power dis- 
sipation not only results in an increase in temperature to 
the gradient coil, the heat produced is distributed within 
the gradient coil assembly or resonance modules and in- 
fluences the temperature in two other critical regions. 
These two regions are located at boundaries of the gradi- 
ent assembly and include the patient bore surface and 
warm bore surface adjacent to the cryostat that houses 
the magnets. Each of these three regions has a specific 
maximum temperature limitation. In the resonance mod- 
ule, there are material temperature limitations such as the 
glass transition temperature. That is, although the copper 
and fiber reinforced backing of the coils can tolerate tern- 



peratures in excess of 120°C, the epoxy that is used to 
bond the layers together typically has a much lower maxi- 
mum working temperature of approximately from 70° to 
100° C. Regulatory limits mandate a peak temperature on 
the patient or surface of 41°C. The warm bore surface also 
has a maximum temperature that is limited to approxi- 
mately 40°C to prevent excessive heat transfer through 
the warm bore surface into the cryostat. Further, temper- 
ature variations of more than 20°C can cause field homo- 
geneity variations due to a temperature dependence of the 
field shim material that exhibits a magnetic property vari- 
ation with temperature. 
[0004] High current levels employed in conventional gradient 
coils produce significant heat proximate to the coil. This 
heat must be carried away from the coil and the magnet 
bore region to prevent damage to the coil and related 
structure, to avoid unwanted changes in the magnetic 
field due heating of magnet components, and to prevent 
unacceptable heating of a patient or other subject in the 
bore. 

[0005] Cooling systems for gradient coils generally rely on con- 
duction of the heat generated in the active circuits of the 
coil to water carrying pipes at some distance from the 



gradient coil, possibly as much as 10 mm away. The space 
between the active circuits and the water pipes is usually 
of material with good insulation properties, such as fiber- 
glass, making heat conduction inefficient. The water car- 
rying pipes are also radially outward of the coil heat re- 
gions resulting in the hottest regions being nearest to the 
patient being scanned with no cooling directly between 
the hot regions and the patient. The resulting heat gener- 
ation puts thermal limits on the operation of the coil. In 
general, increased peak strengths and high patient 
throughput are driving up operating currents and volt- 
ages. The increases in operating currents are generating 
additional heat loads surpassing the ability of existing 
thermal systems. 
[0006] | n general, prior devices have employed some form of 
coolant, usually water or ethylene glycol, and have pro- 
vided thermal insulation. However, newer imaging proto- 
cols use higher power levels and further efforts are re- 
quired to allow these advanced studies without exceeding 
temperature limits. Other devices have employed air cool- 
ing methods, with air being blown directly into the patient 
bore. The main limitation in this method is that patients 
frequently complain of being too cold. Yet another disad- 



vantage is that the amount of air flow can vary signifi- 
cantly depending on the size of the patient so that in 
some cases insufficient or irregular flow will not cool the 

patient at all. 
Summary of Invention 

[0007] rf coils create the B field which rotates the net magneti- 
zation in a pulse sequence. They also detect the trans- 
verse magnetization as it precesses in the XY plane. In or- 
der to create the field, current is then passed though 
the RF coil to generate a magnetic field. The resistive 
heating caused by large current flow causes patient dis- 
comfort and, in extreme cases, can cause burns. It is, 
therefore, an object to provide such an apparatus that, in 
addition to preserving the electrical and magnetic proper- 
ties of the RF coil, increases patient comfort by reducing 
the heat load in the patient bore. 

[0008] The present invention has obtained this object. The 

present invention provides a patient bore assembly and RF 
coil with a cooling system for the RF coil comprising an 
inner cylinder, an outer cylinder, and a plurality of longi- 
tudinal spacers arranged between the cylinders such that 
a plurality of coolant passageways are created. A similar 
embodiment of the present invention provides for a con- 



tinuous spacer between the inner and outer cylinders 
wrapped in the shape of a helix such that a continuous 
passageway is formed for coolant flow. 

[0009] The present invention provides for a cooling system for 
circulating a coolant to cool the patient bore. In one em- 
bodiment, that patient bore consists of two concentric 
cylinders separated by spacers running either longitudi- 
nally or helically. The gaps created between the spacers 
are then used to pass a cooling fluid such as air. If a cool- 
ing fluid other than air is used, it is generally directed into 
the gaps by a manifold and then collected by a second 
manifold at the other end so that it can be recycled. Mate- 
rials such as perflourocarbon, which does not create an 
MR signal, can also be used instead of air. 

[0010] | n y e t another embodiment of the present invention, fluid 
may be passed down tubes bonded to the outer diameter 
of the patient bore such that the parts of the bore that are 
exposed to the patient are directly cooled. Obviously, in 
the event that heating in the patient bore is asymmetric, 
the fluid path could be optimized to guide the fluid to 
those regions that require the most cooling. In yet a third 
embodiment, the RF coil could form part of the patient 
bore, with the helical fluid channels surrounding the pa- 



tient bore. 

[0011] The present invention also provides for a patient bore as- 
sembly having a climate control system comprised of a 
plurality of temperature sensors within the patient bore, 
said temperature sensors being electronically connected 
to a computer. The computer then regulates a coolant 
pump such that the flow of coolant is increased when the 
temperature sensors record higher temperatures and de- 
creased when an appropriate temperature is reached. 
Brief Description of Drawings 

[0012] FIG. 1 is a sectional view, taken in a plane through the 

central longitudinal axis, of an MR gradient coil assembly 
of the prior art. 

[0013] FIG. 2 is a sectional view, taken in a plane through the 

central longitudinal axis of the second embodiment of the 
present invention. 

[0014] FIG. 3 is a sectional view, taken in a plane through the 
central longitudinal axis, of third embodiment of the 
present invention. 

[0015] FIG. 4 is a top, right, cross-sectional perspective view of 
the second embodiment of the present invention showing 
a longitudinal orientation of cooling tubes. 

[0016] FIG. 5 is a top, right, cross-sectional perspective view of 



the second embodiment of the present invention showing 

a helical orientation of cooling tubes. 
[0017] FIG. 6 is a top, right, cross-sectional perspective view of 

the first embodiment of the present invention showing 

cooling spaces oriented longitudinally. 

[0018] FIG. 7 is an elevational view of the first embodiment of the 

present invention. 
Detailed Description 

[0019] Referring now to the drawings in detail, wherein like num- 
bered elements correspond to like elements throughout, 
FIG.l shows that portion of an MRI imaging system 100 
comprising an RF coil 130, gradient coil 114, magnet 116 
and patient bore surface of the prior art. Also shown in 
FIG. 1 is a dual layer of an epoxy-like material 123, 125, 
used to separate the conductive layers. FIG. 2 shows that 
portion of an MRI imaging system 200 comprising a mag- 
net 216, gradient coil 214, patient bore surface 240 and 
RF magnet coil 230 for the MR imaging system of the 
present invention. Referring more specifically to the draw- 
ings, FIG. 2 shows a MRI assembly 200 for an MR imaging 
system (not shown), comprising an MR magnet 216, cylin- 
drical gradient coil windings 214, and an RF coil 230 re- 
spectively, disposed in concentric arrangement with re- 



spect to common access A. Generally, continuous cooling 
tubes are wound in a helix through the gradient coil wind- 
ing 214. The gradient coil windings 214 are held in radi- 
ally spaced apart coaxial relationship, relative to each 
other and to the magnet 116 and the RF coil by an epoxy 
used for layers 223 and 225, said epoxy containing an 
alumina particulate material to increase its thermal con- 
ductivity. 

[0020] Also shown in FIG. 2 is the patient bore enclosure 240 and 

the RF coil 230 inside of and concentric with the gradient 

coils 214. The RF coils 230 create the B field which ro- 

l 

tates the net magnetization in a pulse sequence. They also 
detect the transverse magnetization as it precesses in the 
XY plane. The magnetization of the RF coil 230 is achieved 
by passing a current through the coil, just as in the gradi- 
ent coils 214. Obviously, this also causes resistive heating 
of the coils. The proximity of the RF coil 230 to the pa- 
tient creates a high likelihood of patient discomfort, espe- 
cially for large patients. 
[0021] Therefore, the first embodiment of the RF coil of the 

present invention, as shown in FIGS. 6 and 7 provides for 
a cooling channel between the RF coil 130 and the patient 
bore surface 140. This first embodiment provides an inner 



cylinder 131, a concentric outer cylinder 132, and a plu- 
rality of longitudinal spacers 133. The longitudinal spac- 
ers 133 connect the inner cylinder 131 to the outer cylin- 
der 132. The apertures between the longitudinal spacers 
between the two concentric cylinders are used for coolant 
passageways 134. Also provided for by the present inven- 
tion is a continuous helical spacer (not shown), that also 
connects the inner cylinder 131 to the outer cylinder 132 
and provides for a passage of coolant through a helical 
passageway (not shown). The spacers, as well as the inner 
and outer cylinders, are typically manufactured from a 
composite material. The helical orientation of the spacers 
135 as discussed above may increase the strength and 
rigidity of the patient bore tube 140. The gaps created by 
this arrangement are then used to pass a cooling fluid 
such as air, or some fluid that does not create an MR sig- 
nal through them. The fluid would normally be directed 
into the cooling channels by a first manifold at one end 
and collected by a second manifold at the other end. Any 
type of manifold that distributes fluid in a generally even 
manner and collects the heated fluid could be used to 
perform this task and the type of manifold employed is 
not a limitation of the invention. Obviously, if air is used 



to cool the RF coil 130, no secondary manifold is required. 

[0022] while not shown in particular, after the cooling fluid has 
circulated through the RF coil, it is collected in a manifold. 
Once in the manifold, generally a pump is used to first 
pump fluid through a heat exchanger to remove the heat 
due to resistive heating and to circulate fluid through the 
cooling channels. 

[0023] The second embodiment of the present invention, as 

shown in FIG. 2 provides for a plurality of tubes bonded to 
the patient bore enclosure 240 between the patient bore 
enclosure 240 and the RF coil 230. As before, the cooling 
tubes 232 can be arranged in a helical or longitudinal re- 
lationship with the RF coil 230. Obviously, in this embodi- 
ment, no manifold is required to collect the coolant after 
it has passed through the cooling tubes 232, it is simply 
piped to a pump and through a heat exchanger and back 
through the cooling tubes 232. 

[0024] Th e third embodiment of the present invention 300, as 

shown in FIG. 3 again provides for an RF coil 330, a gradi- 
ent coil 314, and a layer of epoxy 325 between the gradi- 
ent coil 314 and the magnet 316. The third embodiment 
further provides for a plurality of cooling tubes 332 form- 
ing an integral part of the patient bore enclosure 340. The 



cooling tubes of this embodiment could also be arranged 
in either helical or longitudinal relationship with the RF 
coil. This third embodiment is the most space efficient 
embodiment of the present invention. Obviously, in any of 
the embodiments, the tubing can be designed such that 
coolant flow can be directed to areas in which heating is 
more intense. 

[0025] FIG. 5 is exemplary of the first embodiment of the present 
invention and shows the longitudinal arrangement of 
cooling tubes 232. For comparison purposes, the helical 
arrangement of cooling tubes 232 as discussed regarding 
the second embodiment is depicted in FIG. 4. 

[0026] The gradient coil 114, when generating a magnetic field, 
generates several kilowatts of heat due to the resistance 
of the copper coils. This heat must be dissipated for 
proper operation of the MRI machine and for comfort of 
the patient. As discussed above, a coolant, such as water, 
air, perflourocarbon, ethylene glycol, propylene glycol, or 
mixtures of any of the above, is circulated through the 
gradient coils. The coolant then carries the heat away 
from the RF coil. Although only a single inlet and a single 
outlet port is shown for coolant in FIGS. 4 and 5, in other 
embodiments there may be a plurality of inlet and outlet 



ports either because the cooling tubes/channels 134, 232, 
332 are circular around the imaging volume, or because 
greater heat carrying capacity is required to remove the 
heat load caused by extended MRI studies. 

[0027] There are many possibilities available that could be used 
to circulate coolant through the RF coil and it is intended 
that no particular method or apparatus should be a limi- 
tation of the invention. However, one possible way in 
which to provide a coolant circulation system is to provide 
a coolant pump to circulate coolant at a temperature de- 
pendent on system needs and, in accordance with the 
present invention. 

[0028] Coolant entering the RF coil 130, 230, 330 travels through 
cooling tubes/channels 134, 232, 332 and while doing so 
absorbs heat from the coils. The coolant carrying the heat 
load is then drained away from the RF coil and exits to a 
heat exchanger. The heat exchanger is designed to dissi- 
pate heat absorbed from the coolant and lower the 
coolant temperature to a desired temperature dictated by 
the computer control (not shown). 

[0029] The computer controller would take information from 

temperature sensors used to regulate the temperature of 
the patient bore. If the temperature sensors read a tern- 



perature that is above the desired level, the computer 
would send a signal to the pump to increase coolant flow. 
If the temperature falls below a specified value, the com- 
puter can decrease or halt the coolant flow, such as when 
the MRI is not operating. 
[0030] Accordingly, an improved device for cooling the RF coil in 
an MRI magnet has been disclosed. The cooling system of 
the present invention provides a coolant pump for circu- 
lating coolant through around an RF coil 130. The coolant 
flow is regulated by a computer which receives informa- 
tion from a plurality of temperature sensors positioned 
within the patient bore 140. If the computer reads a tem- 
perature that is too high or lower than necessary, it sends 
a signal to the coolant pump to increase or decrease 
coolant flow. 

[0031] it is to be further understood that the above-described 

invention for cooling the RF coil could be applied to open 
architecture MRI imaging systems. While not pictured 
open architecture MRI imaging systems include a patient 
bore surface, an RF coil and could further include cooling 
tubes attached to the patient bore enclosure or actually 
embedded within the RF coil. 

[0032] Although we have very specifically described the preferred 



embodiments of the invention herein, it is to be under- 
stood that changes can be made to the improvements dis- 
closed without departing from the scope of the invention. 
Therefore, it is to be understood that the scope of the in- 
vention is not to be overly limited by the specification and 
the drawings, but is to be determined by the broadest 
possible interpretation of the claims. 



